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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a catalyst for an inexpensive high molecular solid C/> 
electrolyte fuel cell oxygen pole and a method of manufacturing the same, capable of 
exercising the catalyst characteristic similar to a conventional catalyst using a large 
amount of platinum. 

SOLUTION: In this catalyst for high molecular solid electrolyte-type fuel cell oxygen pole 
and the method of manufacturing the same, the catalyst is composed of carbon material 
holding a large ring compound complex of transition metal and noble metal, and a BET 
specific surface area of the carbon material is 500 m2/g or more. 
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* NOTICES * 

JFO and NCIPX are not responsible £or any 
damages caused by the use o£ this translation* 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The catalyst for solid polymer electrolyte mold fuel cell oxygen poles characterized by 
being the catalyst which consists of a carbon material which supported the macrocyclic-compound 
complex and noble metals of transition metals, and the BET specific surface area of said carbon 
material being more than 500m2/g. 

[Claim 2] The catalyst for solid polymer electrolyte mold fuel cell oxygen poles according to claim 1 

characterized by said carbon material filling SBET-SCTAB>=100m2/g. 

[Claim 3] The catalyst for solid polymer electrolyte mold fuel cell oxygen poles according to claim 1 
whose cyclic structure of said macrocyclic compound is N4-chelate structure. 

[Claim 4] The catalyst for solid polymer electrolyte mold fuel cell oxygen poles according to claim 1 
to which said transition metals are characterized by being Co and/or Fe. 

[Claim 5] The catalyst for solid polymer electrolyte mold fuel cell oxygen poles according to claim 1 
characterized by the noble metals contained in said catalyst being below 5 mass %. 
[Claim 6] The catalyst for solid polymer electrolyte mold fuel cell oxygen poles according to claim 1 
characterized by the transition metals contained in said catalyst being below 2 mass %. 
[Claim 7] The manufacture approach of the catalyst for solid polymer electrolyte mold fuel cell 
oxygen poles characterized by heat-treating at the temperature of 700 degrees C - 1 100 degrees C 
after a BET specific surface area makes the front face of the carbon powder more than 500m2/g 
support a transition-metals content macrocyclic compound and noble metals. 



[Translation done.] 
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♦ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to high performance and the cheap catalyst 
for solid polymer electrolyte mold fuel cell oxygen poles about the catalyst for solid polymer 
electrolyte mold fuel cell oxygen poles. 
[0002] 

[Description of the Prior Art] Since a solid polymer electrolyte mold fiiel cell can take out high 
current density and a compact cell can be designed possible [ low-temperature actuation ], the 
application as fixed dispersed-type power sources, such as migration mold power sources, such as a 
power source for electric vehicles and a power source for pocket electronic equipment, or a home 
power source, is expected, and examination towards utilization is advanced energetically. 
[0003] In order to present practical use with a solid polymer electrolyte mold fuel cell, the catalyst 
for promoting a reaction is indispensable and platinum or a platinum alloy is mainly examined for 
the hydrogen pole and the oxygen pole as a catalyst (for example, the New Energy and Industrial 
Technology Development Organization sponsored research result report in the Heisei 12 fiscal year 
"development of a polymer electrolyte fuel cell low cost electrode"). However, if especially the 
overvoltage in an oxygen pole is large and tends to take out the current of an about two 1 A/cm 
practical use region to theoretical output voltage 1 .23 V of a single eel, the overvoltage of an oxygen 
pole will reach more than 0.3V in the usual amount of catalyst support (it is 0.1 - 0.5 mg/cm2 at an 
oxygen pole side) (for example, the New Energy and Industrial Technology Development 
Organization sponsored research result report in the Heisei 10 fiscal year "research on the ion 
exchange membrane for high endurance cell utilization"). Although it is possible to make [ many ] 
the amount of support of the platinvun or the platinum alloy used for a catalyst as a cure which 
reduces an overvoltage, the reduction effectiveness of the overvoltage by the increment in the 
amount of catalysts is small, and a technical problem called the cost rise accompanying another side 
and the increase of a catalyst becomes still larger, and it has been cost and the technical problem that 
coexistence of catalyst performance is still big. 

[0004] It is anxious for the new catalyst which substitutes for platinum which reduces an overvoltage 
in cost and a list as mentioned above, and energetic research is developed. Also in it, the complex of 
the macrocyclic compound which contains metals, such as a porphyrin (PP), a phthalocyanine (Pc), 
and tetraaza annulene (TAA), for many years is examined as a catalyst which has oxygen reduction 
ability (H.Jahnke, M.Schonbom, G.Zimmermann, Topics in Current Chemistry, Vol.61, and pl33- 
181 (1976)). It is the fundamental way of thinking for the macrocyclic-compoxmd complex of these 
metals to be known as a mediator of oxygen in the living body, namely, to apply to the reduction 
reaction of an electrochemical oxygen molecule taking advantage of the adsorption capacity to an 
oxygen molecule (the Yuasa truth, Japan Oil Chemists' Society, Vol.49, p3 15-323, (2000)). 
Although examination which aimed at the practical use as a catalyst for oxygen poles of a 
phosphoric acid fuel cell was made, technical problems, like degradation of the catalyst by the 
phosphoric acid and catalytic activity are low as compared with platinum remained, and the 
application to a phosphoric acid fuel cell was in transit at the beginning of research. On the other 
hand, it is in the situation that in the case of a solid polymer electrolyte mold fuel cell new energetic 
research is progressing in recent years since that degradation of the catalyst under an acid 
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environment is avoidable is thought. 

[0005] In order to apply to the electrode of practical use by making the metal complex of these 
macrocyclic compounds into a catalyst, the immobilization to the electronic conductor of a catalyst 
is indispensable. Therefore, a carbon carrier is used. Specifically, carbon black with big surface area 
is used highly [ electronic conduction nature ]. With the combination of this carbon carrier and a 
metaled macrocyclic-compound complex, the continuous duty as an electrode catalyst becomes 
possible. 

[0006] The technical problem as an oxygen reduction catalyst of the metal complex of the 
macrocyclic compound supported on these carbon carriers is two points that an overvoltage's being 
larger than a platinum catalyst and a reduction product are the mixture of not only water (it is called 
4 electronic resultant) but a hydrogen peroxide (it is called 2 electronic resultant). As a cure to an 
overvoltage, heat treatment in a non-oxidizing atmosphere is proposed (J.A.R.van Veen et al., 
J.Chem.Soc, Faraday Trans. 1, Vol.77, and p2827 (1981)). However, the overvoltage with which it 
has been improved after heat treatment is more than 0.1 V as compared with platinum, and a 
technical problem still remains in practical use. 

[0007] Moreover, dimerization (J.P.Collmanet al., Journal of American Chemical Society, Vol.102, 
and p6027) of a dinuclear complex (JP,1 1-25381 1, A and F.C.Anson et al.. Journal of American 
Chemical Society, Vol.1 13, and p9564 (1991)) and a porphyrin complex etc. is proposed as 
improvement in the yield of 4 electronic resultant (1980). However, technical problems, like an 
overvoltage is large remain as compared with that industrial application, such as yield in 
composition, is difficult, that it is cost quantity, platinum, or a platinum alloy. 

[0008] On the other hand, development of the catalyst which aimed at reduction, i.e., cost reduction, 
is considered in the amount of the platinum used by atomization of platinum, or improvement in the 
utilization factor of a platinum catalyst (for example, the New Energy and Industrial Technology 
Development Organization sponsored research result report in the Heisei 12 fiscal year 
"development of a polymer electrolyte fuel cell low cost electrode"). However, it is accompanied 
also by the fall of the output characteristics accompanying the amount-used reduction of platinum, 
and a technical problem remains practical. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention aims at offer of the cheap catalyst for 
solid polymer electrolyte mold fuel cell oxygen poles which demonstrates a catalyst property 
equivalent to the conventional catalyst which uses platinum so much, and its manufacture approach. 
[0010] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem, 
wholeheartedly, as a result of examination, this invention persons succeed in solving a technical 
problem with the following means, and result in this invention. Namely, (1) Catalyst for solid 
polymer electrolyte mold fuel cell oxygen poles characterized by being the catalyst which consists of 
a carbon material which supported the macrocyclic-compound complex and noble metals of 
transition metals, and the BET specific surface area of said carbon material being more than 
500m2/g. 

(2) The catalyst for solid polymer electrolyte mold fuel cell oxygen poles given in (1) characterized 
by said carbon material filling SBET-SCTAB>=100m2/g. 

(3) The catalyst for solid polymer electrolyte mold fiiel cell oxygen poles given in (1) the given 
cyclic structure of said macrocyclic compound is N4-chelate structure. 

(4) The catalyst for solid polymer electrolyte mold fuel cell oxygen poles given in a claim (1) 
characterized by said transition metals being Co and/or Fe. 

(5) The catalyst for solid polymer electrolyte mold fuel cell oxygen poles given in (1) characterized 
by the noble metals contained in said catalyst being below 5 mass %. 

(6) The catalyst for solid polymer electrolyte mold fuel cell oxygen poles given in (1) characterized 
by the trgmsition metals contained in said catalyst being below 2 mass %. 

(7) The manufacture approach of the catalyst for solid polymer electrolyte mold fuel cell oxygen 
poles characterized by heat-treating at the temperature of 700 degrees C - 1 100 degrees C after a 
BET specific surface area makes the front face of the carbon powder more than 500m2/g support a 
transition-metals content macrocyclic compound and noble metals. 
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[0011] 

[Embodiment of the Invention] The contents of this invention are explained concretely below. 
[0012] The essentially important thing in this invention is two points of making the macrocyclic- 
compound complex and noble metals of (i) transition metals live together, and making a catalysis 
discover, and using [ for the support which makes the catalyst of (ii) above-mentioned support ]- 
carbon material vsdth large specific surface area **. 

[0013] It is constituted by nine or more atoms vsdth a macrocyclic compoimd here. Three or more 
coordinate bond (ligating) atoms It is the ring compound which it has (Coordination Chemistry of 
Macrocyclic Compovmds, G.A.Melson, Plenum press, New York &London, (1979)). The concrete 
structure Phthalocyanines, porphyrins, and aza-porphyrins Tetraaza annulenes, N4-chelate structure 
like the Schiflf (Schiff) base, N, N (macrocyclic compounds, such as 04-chelate structures, such as a 
compound guided from N2S2-chelate structures, such as a compound guided from N202 -chelate 
structures, such as - ethylene screw (SARISHIRIDINIMINA), and an orthochromatic aminophenol, 
and a SARISHIRU aldehyde, are pointed out.) Although each of these macrocyclic compounds is 
applicable to this invention, its compound which has the complex-forming properties of 4 or more 
coordination to a metal is desirable preferably. It is for the chemical stability as a complex to 
increase, namely, for a catalyst life to improve, so that there is much coordination nxunber. 
[0014] The need for the metals located at the core of a macrocyclic compoimd being transition 
metals is in the electronic structure. That is, an adsorbed state with the macrocyclic-compoimd 
complex consisting mainly of an oxygen molecule and a transition-metals atom is stabilized from the 
binding orbital of an oxygen molecule by the charge transfer (donation) to the s orbit of the empty of 
the metal atom of an adsorption site, and the charge transfer (backdonation) from d orbit of a 
transition-metals atom to the antibonding orbital of an oxygen molecule (Hisayoshi Kobayashi, the 
Yamaguchi **, front face, VoL23, p31 1 (1985)), consequently high oxygen reduction activity is 
shown. That is, the transition metals which have an empty orbit in d electron orbit satisfy the 
requirement of oxygen reduction activity fundamentally. 

[0015] The compound catalyst of coexistence with the macrocyclic compound of transition metals 
and noble metals in this invention is based on the experiment fact that catalytic activity [ the 
direction of the condition of having lived together ] is respectively higher than independent catalytic 
activity, as the example is shown in the below-mentioned example, although the theoretical 
interpretation is xmdecided — 4 electronic reduction reaction for example, on noble metals — 2 
electronic reactions on the macrocyclic-compound complex of transition metals — continuing — a 
noble-metals top — further ~ since an oxygen reduction reaction is performed by two reduction 
reaction pass, such as producing 2 electronic reduction reaction, — each — the direction at the time of 
living together is guessed that catalytic activity is promoted rather than the case of being 
independent. 

[0016] Furthermore, it is indispensable conditions that the surface area of the carbon material which 
is the support of a catalyst is large to improvement in the catalytic activity by coexistence of these 
two catalysts. Activation of the catalysis through the chemical interaction to the macrocyclic 
compound of not only the physical effectiveness that the effectiveness of catalyst support makes the 
place of a mere reaction large but a transition metal complex is guessed. In the catalytic-reaction 
process of the macrocyclic-compound complex of transition metals, although the reduction reaction 
of the oxygen molecule which stuck to transition metals follows valence change of transition metals 
on coincidence, that which makes the valence change easy (it promotes) is the pi electron of a 
macrocyclic compound. That is, although the valence of transition metals increases at the time of 
oxygen reduction, the continuous catalysis cannot be demonstrated, if there is no process in which 
the valence which increased retums (an electron is supplied to a metal from the macrocyclic 
compoimd which encloses a metal) in order to recover catalyst ability. And the pi electron system of 
the macrocyclic compound which is carrying out the chelate bond to the transition-metals atom bears 
the electronic transition in that case. And the support of the carbon material which forms a huge pi 
electron system makes migration of the pi electron of a macrocyclic compound still easier. 
[0017] Generally the carbon material with large surface area has high activity. The activity originates 
in a defect, an edge part, etc. of a carbon mesh plane by the irregularity and micropore which are 
formed in a carbon material front face. By this invention, magnifr cation of the interaction of the pi 
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electron system of a carbon material and the pi electron system of a macrocyclic compound is aimed 
at by using a carbon material with big (activity being high) surface area for the support of a 
macrocyclic compound. 

[001 8] The index of the magnitude of the surface area corresponding to this catalj^ic activity found 
that the specific surface area (BET specific surface area) called for by BET equation evaluation of 
the adsorption isotherm of nitrogen gas was suitable, as a result of inquiring wholeheartedly. The 
concrete numeric-value range is more than 500m2/g. Under 500m2/g of the irregularity on the front 
face of carbon guessed that it makes catalytic activity amplify, the defect of the carbon mesh plane 
by micropore, and the amount of an edge part is inadequate, and the improvement in catalytic 
activity is not discovered. On the other hand, the micropore which entered the interior of carbon 
deeply when surface area was enlarged even more than 2000m2/g is formed, since the ratio which 
the inner surface of the micropore occupies at the whole reaction place becomes high, mass transfer, 
such as diffusion of oxygen, becomes rate-limiting, catalytic activity has a possibility of 
deteriorating, and there is that it is not desirable in this invention. 

[0019] SBET-SCTAB>=100m2/g expressed the ratio of the surface area by this micropore 
concretely. SBET expresses a BET specific surface area here, SCTAB is the surface area defmed by 
the amount of adsorption of CTAB (cetyl trimethylammonium star's picture), and is equivalent to the 
surface area except the micropore which cannot enter CTAB, and the measuring method follows 
D3765 law of ASTM (American Society for Testing Materials). The irregularity on the front face of 
carbon, and the defect of a carbon mesh plane and the amount of an edge part by micropore are 
considered to be the rule factors of catalytic activity as mentioned above, therefore existence of the 
amoimt of the optimal micropore is guessed. SBET-SCTAB>=100m2/g expressed it quantitatively. 
SBET-SCTAB has few amounts of micropore under at 100m2/g, and the magnification effectiveness 
of catalytic activity is small. On the other hand, since the ratio of the interior area of micropore 
occupied to the total surface area is too high when SBET-SCTAB exceeds 1000m2/g, the mass 
transfer of the above-mentioned oxygen molecule becomes rate-limiting and catalytic activity has a 
possibility of deteriorating, there is that it is not desirable in this invention. 
[0020] The carbon material used suitable for this invention will not be especially limited, if the 
above-mentioned surface structure is fulfilled. If it illustrates, the so-called carbon black of 
conductive grade, a carbon nanotube, a carbon nano fiber, etc. can be mentioned. 
[0021] The macrocyclic compound used suitable for this invention has desirable N4-chelate 
structure. The improvement width of face of the catalytic activity by coexistence with the 
macrocyclic-compound complex of transition metals and noble metals has so large that the catalytic 
activity of a macrocyclic-compound complex is high depending on the height of the independent 
catalytic activity of the macrocyclic-compound complex of the transition metals applied the 
magnification effectiveness of the catalytic activity by coexistence with noble metals. And as 
compared with the chelate structure of others [ structure / N4-chelate ], catalytic activity was high 
and it turned out that it can be used suitable for this invention. Also in N4-chelate structure, the 
derivative of porphyrins, such as a tetra-phenyl porphyrin and a tetramethoxy phenyl porphyrin, a 
phthalocyanine derivative, and tetraaza annulenes are especially desirable from the height of 
catalytic activity. 

[0022] Moreover, catalytic activity changes also with the classes of transition-metals element. As a 
result of this invention person's inquiring wholeheartedly, it is not dependent on the class of 
macrocyclic compoimd, and Co and/or Fe show high activity, and it can use it suitable for this 
invention. 

[0023] The noble metals used for this invention point out a ruthenium, a rhodium, palladium, an 
osmium, iridium, platinum, and the alloy that makes these a principal component. Application of the 
alloy which makes a principal component a ruthenium, a rhodium, palladium, an osmium, iridium, 
platinum, and these in the height of catalytic activity to this invention is desirable. Apphcation of the 
alloy which used platinum and platinum as the principal component is still more desirable. Other 
noble metals have low catalytic activity as compared with platinum, and although the improvement 
in catalytic activity by coexistence with the macrocyclic-compound complex of transition metals is 
accepted, the improvement width of face is small. 

[0024] Below 5 mass % of the amount of support of the noble metals of this invention is desirable. If 
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it supports exceeding 5 mass %, a noble-metals independent catalysis will become strong relatively, 
and the increment width of face of the catalytic activity by coexistence with the macrocyclic- 
compound complex of transition metals will become small. Furthermore, when the viewpoint of the 
cost of a catalyst is also taken into consideration, below 4 mass % of the amovmt of support of noble 
metals is much more desirable. Moreover, in order to discover the function as a catalyst, more than 
0. 1 mass % is desirable still more desirable, and the amount of support of noble metals is more than 
0.5 mass %. 

[0025] As an amount of support of transition metals, below 2 mass % is desirable still more 
desirable, and the amoimt of support of the macrocyclic-compound complex of transition metals is 
below 1 mass %. If it supports exceeding 2 mass %, the catalysis of the macrocyclic-compound 
complex of transition metals will become strong relatively, and the increment width of face of the 
catalytic activity by coexistence with noble metals will become small. Moreover, in order to discover 
the function as a catalyst, more than 0.01 mass % is desirable still more desirable, and the amount of 
support of transition metals is more than 0.05 mass %. 

[0026] The essence of the catalytic activity of the catalyst specified in this invention is imagined to 
be the interaction which led the pi electron of the front face of a carbon material, and the 
macrocyclic-compound complex of transition metals, then, the thing heat-treated at the temperature 
of 700 degrees C - 1 1 00 degrees C in a non-oxidizing atmosphere after making the front face of 
carbon powder support the macrocyclic-compound complex and noble metals of transition metals as 
a result of aiming at strengthening this pi electron interaction more and considering the adjustment 
approach of a catalyst wholeheartedly — high — it found out that an activity catalyst could be 
prepared. Here, when it processes by the oxidizing atmosphere, the oxidative consumption of a 
carbon carrier and a macrocyclic compound will occur, and catalytic activity will be disappeared. 
Moreover, heat treatment at the temperature of less than 700 degrees C is not enough as ttie pi 
electron interaction of a carbon carrier and a macrocyclic compound, and catalytic activity is not 
discovered by it. On the other hand, since thermal disassembly of a macrocyclic compound is 
produced, heat treatment at the temperature exceeding 11 00 degrees C will disappear catalytic 
activity. 

[0027] The catalyst of this invention can be applied to the usual approach of forming the electrode 
catalyst bed of a solid polymer electrolyte mold fuel cell, the approach of preparing the slurry of a 
catalyst and a macromolecule solid electrolyte solution, and applying it to carbon paper, etc., if it 
illustrates, and there is especially no limit in the formation approach of a catalyst bed. 
[0028] 

[Example] Below, the catalyst specified by this invention is explained concretely. 
[0029] (Carbon material support) Commercial carbon black was used for the carbon material support 
for catalysts. When corned, the following catalyst preparation was presented with what was 
beforehand ground with the mortar. The carbon black used for the example and the example of a 
comparison the KETCHIEN black EC (it abbreviates to the LION make and EC), and KETCHIEN 
black EC600JD (the LION make -) it abbreviates to EC600JD - the pudding tex XE2 (the product 
made from DEGUS AJAPAN -) it abbreviates to XE2 ~ the color black FW200 (the product made 
from DEGUS AJAPAN -) It is EC20PTC made from U.S. ElectroChem (that of which platinum 20 
mass % support was done at XC72) at Balkan Peninsula XC72R (it abbreviates to Cabot Corp. and 
XC72R) abbreviated to FW200, and a list. The BET specific surface area of these carbon black and 
SBET-SCTAB are collectively shown in Table 1. 

[0030] (Catalyst method of preparation) the carbon black used for the water solution which measured 
chloroplatinic acid 6 hydrate (Wako Pure Chem make), and was diluted in the suitable amount with 
water so that it might become predetermined mass % as support — in addition, after stirring enough, 
distribution was advanced with the ultrasonic generator. The precursor which carried out desiccation 
solidification of the dispersion liquid by the evaporator was heated at 300 degrees C with the electric 
furnace (the ratio of hydrogen gas; ten to 50 volume %) which circulated hydrogen / argon mixed 
gas, and reduction processing of chloroplatinic acid was performed. 

[0031] The macrocyclic-compound complex (commercial reagent) of transition metals was 
measured, and N and N -dimethyl formamide (special grade chemical grade) or the carbon black (Pt- 
C) which supported above-mentioned platinum for the pyridine (special grade chemical grade) in the 
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suitable ♦♦**♦*** solution was added, it fully stirred, and distribution was further advanced using 
the ultrasonic generator so that it might become predetermined mass %. After carrying out reflux 
(argon under a flow) for 8 hours or more, keeping dispersion liquid warm with a 70-degree C oil 
bath, it poured in stirring to distilled water more than the amount of 5 times of dispersion liquid, and 
fixing of a up to [ Pt-C of a macrocyclic compound ] was performed. Then, separation extraction of 
the catalyst was carried out by filtration under reduced pressure, again, distilled water with a 
temperature of about 60 degrees C washed, the catalyst was extracted by filtration under reduced 
pressure, and the vacuum drying was carried out at 100 degrees C. 

[0032] In addition, the macrocyclic compound used for the example and the example of a 
comparison is a phthalocyanine (it abbreviates to Pc), 5, 10 and 15, 20-tetrapod phenyl-21H, and 
23H-porphyrin (it abbreviates to TPP), 5, 10 and 15, 20-tetrakis (4-methoxypheny)-21H, and 23H- 
porphyrin (it abbreviates to TMPP). Furthermore, it processed at predetermined temperature among 
the argon gas ambient atmosphere for 1 hour, and considered as the catalyst for evaluation. 
[0033] In addition, preparation of the catalyst with which preparation of tiie catalyst which supported 
only the macrocyclic-compound complex of transition metals supported only another side and 
platinum except for the above-mentioned platinum support process only according to the support 
process of the macrocyclic-compovmd complex of transition metals prepared the catalyst except for 
the support process of the macrocyclic-compound complex of transition metals only according to the 
platinum support process. 
[0034] (Appraisal method of catalytic activity) 

15mg of catalyst powder and 300mg (EC-NS -05 of U.S. ElectroChem; Nafion 5 mass % solution) 
of solid polymer electrolyte solutions and ethanol 300mg which pulverized the preparation catalyst 
of the sample for evaluation with the mortar beforehand were put into the sample bottle, it stirred 
with the stirrer for 1 5 minutes using the stirring child, and the fully kneaded slurry was prepared. 
[0035] On the disk electrode of the preparation rotating ring disk electrode of a trial pole, the above- 
mentioned slurry was applied and dried and it considered as the trial pole. A disk electrode is a 
cylinder with a diameter of 6mm manufactured with glassy carbon, and applies a sample to the base. 
Coverage was adjusted so that it might be set to 0.03mg. Moreover, a ring electrode is a cylinder 
with a bore [ of 7.3mm ], £ind an outer diameter of 9.3mm made from platinum, a disk electrode and 
a ring electrode are located in this alignment, and the rotating ring disk electrode has structure which 
insulated the outside of a ring electrode by Teflon (trademark) resin in the list between the disk 
electrode and the ring electrode. 

[0036] Electrochemical activity evaluation of a catalyst was performed using the rotation ring disk 
evaluation equipment (RRDE-1) of the evaluation approach Inc. day thickness measurement. Using 
the solar TRON company SI 1287 two sets, the ring electrode and ttie disk electrode were 
independently controlled in electrochemical evaluation, and bipolar measurement was carried out to 
it. It considered as the eel configuration which uses the S C E electrode for a criteria pole, and uses 
Ft plate for a counter electrode at the electrolytic solution using the 0.1 -N sulfuric-acid water 
solution. The evaluation conditions are as follows. Carry out bubbling of the oxygen gas and the 
sweep of the potential of the disk electrode of the electrode which rotated by 2500rpm is carried out 
at the rate of 10 mV/sec in the state of the electrolytic solution with which oxygen was saturated 
from l.OV (S C E criteria) to -0.2V (S C E criteria). At that time, the potential of a ring electrode was 
held to 1.1 V (S C E criteria), aging of a current which flows to a disk electrode and a ring electrode 
was measured, and the plot of a disk current and ring current to the potential of a disk electrode was 
obtained. 

[0037] The potential at the time of the current value of the one half of a saturation current value 
(El/2) was read in the plot of the overvoltage appraisal method above-mentioned disk potential and a 
disk current. deltaEl/2=El/20-El/2 of each catalyst of an example and the example of a comparison 
were evaluated on the basis of El/20 of EC20PTC (catalyst which made the platinum of 20 mass % 
support on carbon black) of the catalyst made from U.S. ElectroChem. Namely, deltaEl/2 An 
overvoltage is so large that it is large, and catalytic activity is low. With an overvoltage equivalent to 
EC20PTC at deltaEl / 2= 0 (mV), if it is minus, it responds to an overvoltage being small and 
catalytic activity being higher than EC20PTC. 

[0038] From the plot to the disk potential of the appraisal method ring current of 4 electronic 
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conversion, and a disk current, the 4 electronic conversion eta was calculated based on the bottom 

type. 

[0039] eta(%) = [Id- (Ir/n)] /[Id-H (Ir/n)] 

Here, Id expresses a disk current, Ir expresses ring current, and n expresses the rate of prehension of 

the disk resultant by the ring electrode. 

[0040] In the electrode which used the experimental measuring method of the rate of prehension for 
the example as a result of evaluating according to electrochemistry measuring methods (below), such 
as the Fujishima Showa, and Gihodo Shuppan (1991), it was n= 0.36. 

[0041] moreover, disk potential — responding — eta — changing (eta becoming small, so that it is 
**** in potential) - in this evaluation, eta in case disk potential is OV (S C E criteria) was adopted 
so that the difference of eta by the catalyst might become clear. 

[0042] Overvoltage difference deltaEl/2, and the 4 electronic conversion eta were collectively 
shown as BET surface area, CTAB surface area, and a (b) catalyst presentation as (a) support 
physical properties. [ as opposed to / as opposed to / as a macrocyclic-compoimd kind, a transition- 
metals kind and the amount of support, the amount of platinum support and (c) catalyst preparation 
conditions / Table 1 / EC20PTC as the heat treatment temperature after catalyst support and an index 
of (d) catalytic activity ] 

[0043] The effectiveness to the catalytic activity of the surface structure (a BET specific surface area 
and SBET-SCTAB) of the support specified by this invention from the result of these examples and 
the example of a comparison is clear. Moreover, it is admitted also about the amount of support of 
the macrocyclic-compound complex of transition metals, and the emioxmt of support of noble metals 
(platinum) that a convention of liiis invention is effective. Furthermore, as preparation of a catalyst, 
the effectiveness of the heat treatment temperature after catalyst support is accepted clearly, and 
improvement in clear catalytic activity is accepted by heat treatment in the temperature requirement 
specified in this invention. 
[0044] 
[Table 1] 
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[0045] 

[Effect of the Invention] As mentioned above, the catalyst which carried out compound support the 
macrocyclic-compoimd complex and noble metals of the transition metals specified by this invention 
to the carbon material which has the specific surface area more than 500m2/g As contrasted with the 
catalyst of platinum 20 mass % support used for the present condition standard target, although the 
amount of noble-metals support is about 1/7, it has discovered almost equivalent catalytic activity in 
an overvoltage and 4 electronic conversion, and it has brought about the cost reduction of a catalyst, 
and coexistence of catalytic activity. 
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